INTRODUCTION
============

The roots of mandibular incisors present mesial and distal longitudinal grooves that can lead to root canal bifurcation. Partial bifurcation occurs when these two canals join again and end in a single apical foramen. Total bifurcation is present when the two canals end in two apical foramina[@B19].

Root canal bifurcation in mandibular incisors has great clinical importance during endodontic treatment. In teeth with partial bifurcation, obturation of one of the canals, generally the buccal one, seals the end of the other canal. On the other hand, in teeth with complete bifurcation, in which there are two independent apical foramina, poor or no filling of the lingual root canal may lead to failure of the endodontic therapy[@B06],[@B20]. The presence of an untreated canal can result in persistence of symptoms and/or sign, such as pain and thickening of the periodontal ligament space[@B03],[@B04].

Several authors have studied the morphology of root canals of mandibular incisors and the results are very divergent in relation to the anatomic characteristics[@B09],[@B14],[@B15],[@B18]. Some methods are available for investigation of internal anatomical variations in the daily clinical practice. [Table 1](#t01){ref-type="table"} presents studies that employed radiographic techniques alone or combined with other methods. Authors who associated radiographic techniques to other methods found higher percentages of bifurcation[@B02],[@B07],[@B16].

###### Radiographic studies of the internal anatomy of mandibular incisors

  Authors and year                                                    Method                                        Sample   \% bifurcation
  ------------------------------------------------------------------- --------------------------------------------- -------- ----------------
  Rankine-Wilson and Henry(1965)                                      Injection of radiopaque material and X-rays   111      40.5%
  Benjamin and Dowson (1974)                                          Endodontic files and X-rays                   364      41.4%
  Hession (1977)                                                      Injection of radiopaque material and X-rays   13       61.5%
  Miyoshi, et al. (1977)                                              X-rays                                        1.141    18.7%
  Bellizzi and Hartwell (1983) [\*](#TFN01t01){ref-type="table-fn"}   X-rays                                        417      18.6%
  Neo and Chee (1990) [\*](#TFN01t01){ref-type="table-fn"}            X-rays                                        154      1.3%
  Nattress and Martin (1991)                                          X-rays: BL and M-D                            455      13%
  Klein, et al.(1997)                                                 X-rays: BL and MD                             200      10%
  Oliveira, et al. (1999)                                             X-rays: BL and MD                             2.115    10.3%

*in vivo* studies; BL= buccolingual radiograph; MD= mesiodistal radiograph

The aim of the study was to evaluate the prevalence of root canal bifurcation in mandibular incisors in an orthoradial direction by digital radiography. The study also compared the probability of detecting root canal bifurcation *in vivo* to its visualization with both buccolingual (BL) and mesiodistal (MD) projections *in vitro*.

MATERIAL AND METHODS
====================

In this study, the prevalence of root canal bifurcation in mandibular incisors was verified *in vivo* and *in vitro* using a digital radiographic system (Radiovisiography; RVG, Trophy, France). Four hundred teeth were analyzed for the *in vivo* study. Digital radiographs were taken in an orthoradial direction from the incisor and canine regions. The digital radiographs of the canine region allowed visualizing the incisors in a distoradial direction using 20° deviation ([Figure 1](#f01){ref-type="fig"}). All individuals agreed to participate by signing an informed consent form. The study protocol was reviewed and approved by the Institutional Review Board (Protocol n. 026/2000-PH/CEP).

![Examination (a) and images (b) *in vivo* with RVG](1678-7757-jaos-17-03-0234-gf01){#f01}

The *in vitro* study was conducted on 200 mandibular incisors positioned on a model, simulating the mandibular dental arch. Digital radiographs were taken from the mandibular incisors in a BL direction ([Figure 2](#f02){ref-type="fig"}). After examination, the same teeth were removed from the model and digital radiographs were taken in a MD direction ([Figure 3](#f03){ref-type="fig"}).

![Examination (a - b) and images (c) *in vitro*: in BL direction with RVG](1678-7757-jaos-17-03-0234-gf02){#f02}

![Examination (a) and images (b) *in vitro* in the MD direction with RVG](1678-7757-jaos-17-03-0234-gf03){#f03}

The electronic sensor of the digital radiographic system, connected to the computer, generated images that were immediately seen on the monitor. Then, the digital radiographs were analyzed by a single examiner for the presence of a single root canal, bifurcated root canal, or root canal with characteristics indicating bifurcation These characteristics included decreased cervical-apical radiolucency and presence of radiolucent lines longitudinally on the root.

Data were submitted to statistical analysis by the chi- square test and the Yale\'s coefficient of association. Significance level was set at 5 % for all analysis.

RESULTS
=======

The *in vivo* study revealed 11% of root canal bifurcation canal and 6.5% of canals with characteristics that indicated the presence of bifurcation in a distoradial direction. These characteristics corresponded to loss of cervical-apical radiolucency and longitudinal radiolucent lines found laterally in the root due to the mesiodistal flattening. Therefore, in percent values, the *in vivo* study indicated that 82.5% of the mandibular incisors presented a single canal and 17.5% presented bifurcation or characteristics suggestive of bifurcation.

[Figure 4](#f04){ref-type="fig"} shows images in which root canal bifurcation was observed. Images in [Figure 5](#f05){ref-type="fig"} illustrate teeth with characteristics that indicated the presence of bifurcation. These images were captured during the *in vivo* examinations and represent loss of cervical-apical radiolucency and longitudinal radiolucent lines found laterally in the root.

![Images of root canal bifurcation in the *in vivo* study and magnification on the right side of the figure](1678-7757-jaos-17-03-0234-gf04){#f04}

![Images with characteristics indicating root canal bifurcation in the *in vivo* study and magnification on the right side of the figure](1678-7757-jaos-17-03-0234-gf05){#f05}

The *in vitro* study with the digital radiography technique in a BL direction showed 15% of teeth with bifurcation or characteristics indicating bifurcation. In the MD direction, 20% of the teeth presented bifurcation or features suggestive of bifurcation.

[Figure 6](#f06){ref-type="fig"} presents images of teeth in both BL and MD directions.

![Images of *in vitro* study: a) orthoradial digital radiography of canine in the BL direction, b) digital radiograph in the MD direction, c) magnification of digital radiograph in the MD direction](1678-7757-jaos-17-03-0234-gf06){#f06}

The chi-square test was applied to the data collected from the *in vitro* study for comparison between digital radiographs in both BL and MD directions. This test was able to measure the discrepancy between two mutually exclusive qualitative variables (observation or not of root canal bifurcation or characteristics indicating bifurcation) and verified the independence or not between these variables. In the chi-square test, any result different from zero would indicate correlation between digital radiography in the BL and MD directions. A value of 52.41 was obtained.

However, the chi-square test cannot determine the degree of association: therefore, the Yale\'s coefficient of association was employed. A value of zero in this test indicates independence between samples; the maximum value of +1 indicates perfect positive association, and the value of -1 indicates perfect negative association. Our result for this test was +0.95, indicating that there was perfect positive association between BL and MD directions.

[Figure 7A](#f07){ref-type="fig"} presents graphically the sample distribution of the *in vitro* study. Seventy-seven percent of teeth presented single canal or absence of bifurcation in the BL and MD directions; 12% of teeth presented root canal bifurcation or characteristics indicating bifurcation in the BL and MD directions; 8% of teeth presented a single canal in the BL direction, yet root canal bifurcation in the MD direction; and 3% of teeth exhibited characteristics indicating bifurcation in the BL direction, yet presented a single canal when observed in the MD direction.

Statistical analysis was completed by observing the existence of correlation between the results from the *in vivo* and *in vitro* studies, by analysis of percentages of single and bifurcated canals ([Figure 7B](#f07){ref-type="fig"}).

![A- Graphic presentation demonstrating the comparison between the percent results of mandibular central and lateral incisors in the *in vitro* study. B- Graphic presentation demonstrating the percent correlation between *in vitro* and *in vivo* studies](1678-7757-jaos-17-03-0234-gf07){#f07}

DISCUSSION
==========

The results of this *in vivo* study are similar to those found by Bellizzi and Hartwell[@B01], who investigated 417 teeth and found 18.6% of bifurcated mandibular incisors. It must be emphasized that, in their study, those authors did not mention either the presence of bifurcation or the existence of characteristics suggestive of bifurcation, as mentioned in the present study.

Previous *in vivo* studies have reported percentages of bifurcation in mandibular incisors different from the present study[@B09],[@B15].

In the present study, sixteen teeth exhibited a single canal in the BL direction, though presenting root canal bifurcation when evaluated by digital radiography in the MD direction. Similar finding was reported by Nattress and Martin[@B14], who investigated 455 teeth and found 17 teeth with a single canal when radiographed in the BL direction and bifurcated canals when analyzed in the MD direction. This result shows that, even with utilization of distoradial radiography, it was not possible to observe all cases of root canal bifurcation in mandibular incisors under clinical conditions. Thus, knowledge of root canal anatomy is necessary to avoid neglecting the presence of an additional canal.

The *in vitro* study, in which the teeth were analyzed by digital radiography in the MD direction, revealed a higher percentage of bifurcation (20%) compared to the BL direction (15%). These results were expected due to overlapping of root canal images in the BL direction. This was also observed by previous authors, who found higher number of bifurcation in incisors when these teeth are radiographed in the MD direction compared to BL direction[@B14],[@B18]. Moreover, the *in vitro* study revealed that teeth with a single canal (40 teeth) in the BL direction also presented this characteristic in the MD direction. It has been verified that under a stereomicroscope, 15% of the teeth showed a bifurcated canal, 7.5% a lateral canal, and 25% accessory canals[@B10].

In the present study, among the lateral incisors, 6 teeth presented root canal bifurcation or characteristics indicating bifurcation when analyzed in the BL direction. However, when the teeth were radiographed in the MD direction, this fact was not confirmed. In the literature, no authors that analyzed teeth in the BL and MD directions mentioned such occurrence[@B12],[@B13]. This finding may be assigned to the fact that mandibular lateral incisors normally present root flattening in the MD direction, which can lead to appearance of a very marked longitudinal groove[@B08],[@B17].

Root canal bifurcation in mandibular incisors plays an important role in the endodontic treatment. In case of partial bifurcation, filling of one root canal, usually the buccal, will consequently seal the end of the other. On the other hand, this will not occur when there is total bifurcation with two apical foramina, since the lack of treatment of one canal will lead to failure of the endodontic therapy.

Some studies have reported that failure of treatment of mandibular incisors with two canals ending in a single apical foramen may occur due to poor or absent treatment of one of the canals[@B05], [@B11]. Even though its end is sealed, the root canal may present lateral canals that can communicate with the periodontal tissues.

Clinicians, particularly endodontists, must be able to visualize all root canals of a tooth to fill them adequately[@B06],[@B20]. For this purpose, professionals must have a good knowledge of the internal anatomy of teeth and also know the radiographic techniques and their variations, in order to have a perfect visualization of root canals. In this way, this study showed the importance to verify the presence of second canal in mandibular incisors for endodontic therapy and demonstrated that the diagnostic resources presented in this study may be helpful and effective.

CONCLUSION
==========

The findings of the *in vivo* study (17.5%) could be correlated with those of the *in vitro* study in both MD (20%) and BL directions (15%). The use of distoradial X-ray *in vivo* allowed detection of a good percentage of root canal bifurcation in mandibular incisors with the use of RVG.
